is supported by Raman data in the literature. The interpretation makes use of nuclear quadrupole coupling constants reported for solid'salts of The experiments were performed on a Varian V4200B spectrometer at 8.00 Mhz 127 1 9' .'4 h did i which corresponds, for I ,to a fie d of Kgauss. T e io e on linewidths are peak-to-peak separations of the absorption derivative.
For solutions of potassium iodide at 2M (moles per liter) and below, the line width was constant at 1.15 gauss. The line shapes were 1
13
Lorentzian". to a good approximation, for which the expression T = (I)y6H 2 applies, where y is the nuclear gyromagnetic ratio, 6 H is the linewidth iIi gauss, and T2 is the transverse relaxation time. Field sweeps were calibrated using the sidebands impressed oli water protons at 40 Mhz.
The amplitudes of the modulation and radiofrequency fields were set well below the levels which produce observable broadening.
The iodide salt was weighed out directly and the triiodide concentra- (2) up.to 1 MI. We define the apparent triiodide concentration, [I -] . 
The evaluation of k2 requires the additional assumption of the presence 2-of the 14 species and the applicability of French and Effenberger's equilibrium quotient for equation (4) to the present system, k2 = k1
(1 + 0.184 Figure 2 indicates that to a first approximation they are inversely proportional to the iodide concentration.
Thus the simplest approximate rate law for the enhanced relaxation of
- This is exactly the rate law for the relaxation found by Myers and interpreted by him as the rate of dissociation and formation of triiodide ion.
-8-the key to the problem was rev~aled by a study of the temperature dependence of the relaxation. In Figure 3 is shown a plot of
) versus lIT for several iodide concentrations at and app above O;4M. The contribution from the pure iodide ion liriewidth-the temperature dependence of which is shown in Figure 4 -has·been subtracted from the overall linewidth to obtain the value of o.
In Figure 3 , if the rate of relaxation depended on the rate of dissociation of triiodide ion, the plot would be of the usual Arrhenius type with the rate constant increasing with increasing temperature.
Exactly the opposite trand is found with ~E ~ -4.3 kcal.
In a two environment system with a small difference in chemical shift, the enhancement of relaxation of the first environment by the presence of the second is controlled by the slower of the two steps; 1) chemical exchange and, 2) relaxation in the second environment. The temperature dependence data show unequivocally that the former is not controlling under the conditions in Figure 3 .
If relaxation is the controlling step the rate ~s proportional to the rate of relaxation in the second environment:
. *-
which is just the form found experimentally, to a good approximation.
With relaxation control dominating at O.4M 1-and higher, chemical exchange must be faster than the relaxation. The triiodide dissociation and recombination mechanism for the exchange becomes even more impossible with this new interpretation. The ~ystem must effect an exchange of.
iodine atoms between 1 3 -and 1-considerably more rapidly than the • -9-diffusion controlled bimolecular reaction rate limit for Equation (I).
The only reasonable possibility appears to be the direct bimolecular reaction: (9) At the diffusion limit this reaction theoretically could produce e,xchange at approximately Qr-[r-] times the rate of exchange through 1-+ 1 2
This would correspond to a rate which is 714 times greater for a one molar iodide solution at 25° C.
By a suitable change in the experimental conditions it should be possible to make chemical exchange the controlling factor. The above mechanism for such a situation gives:
It will be shown below (Equation 13 ) that chemical exchange control will be favored (low relative rate) by low iodide concentration. Consideration of the temperature dependence shows that low temperature will also favor chemical exchange control since decreasing the temperature will decrease the rate of chemical exchange but increase the quadrupole relaxation of 13 because of the longer correlation time from tumbling.
Attempts to gain evi,dence of chemical exchange control were carried out as follows. First, m~asurements were made at 27° C with detreasing concentrations of iodide ion down to 0.05 M at which point the small signal to noise ratio precluded further decrease. As will be explained later, chemical exchange control according to Equation (10) should manifest itself in Figure 2 as a finite intercept on the ordinate axis.
-10-Such a result was obtained although -·the accuracy is not high.
Secondly, the temperature dependence was measured at low iodide ion concentration (0.05 M), as shown in Figure 5 . The sign of the temperature dependence is now reversed from that found at 0.4 M and higher . iodide concentrations, thus confirming the presence of chemical exchange control. The low value of the activation energy jndicates, as would be expected, that exchange control is only slightly more important than relaxation control under the conditions of the experiment.
We now wish to establish an explicit relationship between the resonance linewidth of the iodide ion and the pertinent rate and relaxation parameters. We consider the special solution of the exchange 
(12c)
We can simplify Equation (11) by noting that the chemical shift ~w d is an ordinary diamagnetic shift which is small in comparison to the relaxation and exchange rates, and may therefore be ignored, i.e., the chemical shift is much less than the line broadening. Then Equation (11) becomes (13) Equation (13) --= ---=----T2 Tc T2 T2 k6
- [I ] In the limit of slow exchange the line broadening is controlled by the exchange rate, i.e., for ~/T2» 1:
The experimental data are qualitatively consistent with this description.
To proceed further; it is necessary to examine more carefully both the relaxation and the chemical exchange processes.
The nuclear magnetic relaxation of 1127 occurs by quadrupole coupling. For liquids the expression for _1_ is of the form: 12 .,
It has the same form as Equations (16) and (17) but the rotational part of Leff is more complex. On estimating major and minor axes of the ellipsoid from interatomic distances of triiodide ion and the van ~r W~s radius of iodine, one calculates from Shimizu's -11 work a value of L of ca. 4.4 x 10 sec. a~ 25° C. This value is r· uncertain because the hydrodynamic basis of the model is. highly 14 questionable at molecular dimensions ; a factor of 2 error would not be surprising. Since only rotation about the minor axes is effective in de-correlating the quadrupole coupling of linear 1 3 -, the hydro-15 dynamic theory may actually be more appropriate here than for a sphere • Taking the inverse of Equation (13) and substituting for T2 from d Equation (16) yields (18) Equation (18) The results of consideration of a number of the more plausible of these alternatives is presented in Table II . Here the cases are classified first by mode of attack and secondly by symmetry of the 1 3 -with the possibility of rapid inversion for the unsymmetrical case.
The second column lists the appropriate ratio for kS/k6 in equation (18), except where indicated, and the last column gives appropriate expressions for v in equation (16), except where indicated; when q alternative expressions are given the first corresponds to rapid exchange between the sites relative to tumbling and the latter case the opposite.
The equation for the transverse relaxation time involving relaxation and exchange can be derived readily using classical kinetic methods of the steady state as long as the chemical shift is small enough not to . 2 contribute to the linewidth , which is the case here. In addition, it is necessary that exchange not be rapid compared to the randomizing process, i.e., tumbling in the present case. When this latter condition does not hold, the derivation is more complex. . (
Tr + 6 '''" Sc (19) where Ri corresponds to the S of equation (16) Because of the many possible mechanistic paths, indicated only incompletely in Table I , it is not feasible to use the NMR results to determine uniquely the mechanism of relaxation. To simplify the problem the average quadrupole coupling values of Sasane, Nakamura and Kubo 19
will be used to fix the V parameters in the equatim for T Table   constancy in reference   II)-do not  va+vb  19,  2 differ greatly. As judged by its should be a good measure of the quadrupole coupling frequency of the end iodines of symmetrical 1 3 -, and is so used in Table II. Using the above parameters, the data at 0.1 and lMI-were used to calculate kS and l/Tr for the various paths in Table II with the results shown in Table III Table II Table I , respectively, into equations (18) and (19), along with the assumption in the [1 3 -)' interpretation that higher iodide contributes nothing td the relaxation.
The test to be'applied to the calculations of Table III is Table II . If 1 3 -is symmetrical or inverts any asymmetry rapidly relative to relaxation, all three positions of 1 3 -become available for relaxation in the relaxation controlled limit. Such a situation corresponds to cases B,l and B,2,(b), respectively, of Table II . These would seem to be the most likely mechanisms. In either case the bimolecular rate constant k5 is near, but within, the diffusion limit. , .
.. 
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